The mechanisms of Ca2l-induced mucin secretion were examined in monolayers of the differentiated epithelial colon cell line 
INTRODUCTION
Like other exocrine cells, mucous intestinal cells store their secretory products in granules and release them by stimulussecretion-coupling mechanisms. These mechanisms generally involve a receptor-mediated effect on intracellular second messengers. Several lines of investigation suggest that Ca2+_ dependent mechanisms play a major role in eliciting a secretory response from mucous cells. The long-standing observation of a cholinergic regulation of intestinal goblet cells both 'in vivo' and 'in vitro' [1] , together with the demonstration that cholinergic agonists evoke an increase in intracellular free Ca2t concentration ([Ca2t]1) in a variety of epithelial cells [2] , provided the first indication that cellular Ca2t mobilization may regulate mucin exocytosis. More direct evidence indicating a Ca2s-dependent secretagogue action on mucin secretion has been obtained by using rabbit mucosal explants in organ culture [3] . In the latter system the stimulatory effects of the Ca2t ionophore A23187 on glycoprotein secretion were abolished by removal of extracellular Ca2t and the stimulatory effect of acetylcholine was abolished by depletion of intracellular Ca2t stores [3] . More recently, in an effort to design a reductionist approach to correlate the secretagogue-induced secretory response with changes in the concentration of putative intracellular second messengers in the secretory cell, Seidler and Pfeiffer have investigated the acetylcholine-induced changes in [Ca2+]1 in isolated and highly purified rabbit gastric mucous cells [4] . Interestingly they found significantly affected by extracellular Ca2+ depletion. Carbacholinduced mucin exocytosis was concentration-dependent with an ED50 of 15,uM, and was inhibited by 35 % upon removal of extracellular Ca2+. Neurotensin caused a concentration-dependent rise in mucous secretion with an ED50 of 36 nM, not significantly affected upon removal of extracellular Ca2 . Together our results suggest that while the mucin secretory response to carbachol depends on both the release of Ca2+ from intracellular stores and a Ca2l influx from external medium, the secretory response to neurotensin is based solely on intracellular Ca2+ mobilization. Finally, evaluation of the cross-talk between the cyclic AMP pathway stimulated by vasoactive intestinal peptide (VIP) and the Ca2+ pathway stimulated by neurotensin or carbachol led to the conclusion that the potentiated secretory response elicited by the combined action of carbachol and VIP requires extracellular Ca2+.
that acetylcholine stimulated a cell-membrane Ca2+-entry mechanism in addition to release of Ca2+ from intracellular stores.
One limitation of this approach, however, resides in the fact that the interdependence ofthe Ca2+ signal and secretory function could not be assessed in this system of highly purified mucous cells because of a low yield of secretory mucins.
In view of these difficulties, we were prompted to study Ca2+_ dependent secretion in mucous cells by using an approach based on the stably differentiated clonal derivative C1.16E [5] of the colonic cancer cell line HT29 [6] . Cl. 16E cell line was selected as a model system because it represents a homogeneous population of mucous-secreting epithelial cells responding to carbachol [7] . In addition, this cell line responds to neurotensin [8] spectrofluorimeter. The free Ca2+ concentration was calculated from the dye fluorescence level using the apparent dissociation constant of 220 nM for the Ca2+-Fura-2 complex and estimation of the Ca2+ released by the cells was performed according to the method of Grynkiewicz et al. [10] .
The emission wavelength was set at 505 nm with a bandwidth of 10 nm, while the excitation wavelength was 340 nm with a bandwidth of 4 nm. The cells were allowed to equilibrate for about 5 [Ca2+]i occurred in mucous cells, followed by a rapid decline and return to the resting level (Figure 1c) , the maximally effective concentration of neurotensin being 1 x 10-6 M (598 + 127 nM, P < 0.001 compared with non-stimulated cells, n = 16). Neurotensin induced a dose-dependent rise in [Ca2+], with halfmaximal stimulation at 4 nM ( Figure 2b) .
As shown in Figure 1 (Figure 4) . Carbachol To examine directly the interdependence between cholinergically stimulated glycoprotein secretion and intracellular second-messenger events, we examined the effects of extra-and intra-cellular Ca2+ chelation on mucous exocytosis, i.e. Ca2+ dependency of secretagogue action. When the mucous secretory response to carbachol was examined in a Ca2+-free medium, it was found to be inhibited by 34.5 % (P < 0.05, compared with stimulated cells in standard conditions) ( Figure 5 ). It is worth noting that baseline secretion in Ca2+-free conditions was higher than that in standard medium. However, carbachol still exerted a secretagogue effect as the value for mucous secretion of stimulated cells was significantly higher than that of control unstimulated cells in Ca2+-free medium.
Finally, after Ca2+-depletion of cells by a 30 min incubation in the presence of BAPTA/AM, the mucin secretory response to carbachol was abolished ( Figure 5 ). medium. Carbachol's action on mucous secretion was significantly reduced in Ca2+-free medium. Finally the combined effect of VIP and carbachol was only additive in Ca2+-free medium, while it was significantly higher than additive in Ca2+-containing medium ( Figure 6 ).
DISCUSSION
To investigate Ca2+-mobilizing receptors, several studies have focused on HT29, a human colonic epithelial cell line. HT29 cells are a useful model because studies with these cells have demonstrated the presence of muscarinic acetylcholine receptors linked to Ca2+ mobilization [11] . In addition these cells possess receptors for neurotensin coupled to polyphosphoinositide turnover [12, 13] and intracellular free-Ca2+ mobilization [13, 14] .
The major limitation of the HT29 parent line resides in its absence of polarization which is likely to result from missorting of apical proteins [15, 16] . Therefore this model does not provide a suitable approach to examining stimulus-secretion coupling in vectorially secreting cells. In this context, it is worth emphasizing the importance of the two stably differentiated clonal cell derivatives [5] Cl. 19A and Cl. 16E which represent homogeneous populations of Cl--secreting (Cl.19A) [17] or mucous-secreting (Cl.16E) [5, 7, 17, 18] cells responding to both cyclic AMP-linked (e.g. forskolin) or Ca2+-linked (e.g. carbachol) secretagogues [7, [19] [20] [21] . Previous studies having demonstrated the power of combining a homogeneous mucous-secreting cell line (Cl.16E) with cyclic AMP measurement techniques to study the role of cyclic AMP in mediating the action of VIP [22] , we utilized basically the same approach to explore the Ca2+-dependent exocytotic function of goblet cells. In addition, unique to the homogenous goblet cell line Cl.16E is its ability to work around the difficulty of accurately measuring the mucins secreted by [24] . For example, it has been reported that the effect of carbamoylcholine on amylase secretion from perifused rat parotid acinar cells is decreased markedly by Ca2+ omission from extracellular fluid [25] . Recently, Melvin et al., using an 'in situ' vascularly isolated sublingual gland perfusion system, have reported the requirement for Ca2+ entry during sustained muscarinic-induced fluid and electrolyte secretion [26] . Finally, in their study of glycoprotein secretion from rabbit gastric mucosal explants, Seidler and Sewing found that removal of Ca2+ from the medium at the time of secretagogue addition decreased the effect of acetylcholine [3] . In [8] . However, VIP was found to potentiate the mucin secretory response to carbachol. Furthermore, forskolin or dibutyryl cyclic AMP mimicked the action of VIP [8] , while A23187, a Ca2+ ionophore, mimicked the effect of carbachol (C. Bou-Hanna and C. L. Laboisse, unpublished work). Together these results suggested that potentiation is caused by a co-ordinated interaction between the cyclic AMP system and the Ca2+ system at a step distal to second-messenger generation. The same conclusion was reached by Yoshimura and Nezu, who studied the interaction between Ca2+ and cyclic AMP messenger systems in perifused rat parotid acinar cells [25] . Surprisingly, however, such a potentiating effect was not observed between VIP and neurotensin [8] . Our [ 28, 29] . Finally, aside from being a useful model for studying the exocytotic response of mucous cells to several secretagogues in relation to the way they mobilize Ca2 , the Cl.16E cell line provides a powerful approach by which to examine cross-talk between intracellular signalling pathways.
